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(S) Mechanical detent simulating system. 

(57) An apparatus and method for simulating a 
mechanical detent in a manually operable rot- 
ary digital encoder 100 typically used to control 
a display or readout 114 in an associated elec- 
tronic system 110. The output from the encoder 
100 to the electronic system 110 is suspended 
for a predetermined time when the encoder 
shaft 104 is rotated past a predetermined preset 
point While the encoder output is suspended, 
the output signal V Q to the electronic system is 
set at a level indicative of the preset point The 
system user is thus able to quickly locate the 
preset point without overshooting it If the user 
does, in fact, want to adjust the encoder 100 
past the preset point, the delay is of such a 
duration that it wfll have expired by the time the 
user repositions his hand on the encoder knob 
102, thus allowing adjustment of the encoder 
100 to continue beyond the preset point 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention 

This invention relates generally to rotary encoded 
switches, or manually operable encoders, used in 
electronic systems, and more specifically, to a system 
which simulates a mechanical detent to facilitate con- 
trol of user input from a manually operable encoder to 
an electronic system. 

2. Statement of the Problem 
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Conventionally, manually operable rotary poten- 
tiometers using electrically resistive components 
have enabled users to provide input to electronic sys- 
tems, such as oscilloscopes. Often, these rotary 
potentiometers have a physically detented center 
point representing a nominal center position of the 
potentiometer. This detented center position facili- 
tates setting the potentiometer to the center position 
as the user encounters a noticeable impediment to 
rotation of the shaft when the potentiometer is rotated 
past the detented center position. This center position 
is hereinafter referred to as a preset point 

The use of microprocessors in electronic systems 
has led to the use of manually operable encodeis 
such as rotary encoded switches and rotary pulse 
generators, rather than potentiometers, as user input 
devices. An encoder, like a potentiometer, has a shaft 
connected to a rotatable element which rotates when 
a user turns the shaft or a knob attached to the shaft 
Unlike a potentiometer, which is an analog device 
used for providing the associated electronic system 
with a variable resistive load, an encoder typically pro- 
vides a passive digital indication of rotational position 
which is read by a microprocessor to provide a signal 
mdicstive of a rotational displacement of the rotatable 
element This signal is typically output to an 
associated electronic system to control a display or 
readout A rotary pulse generator is similar to an 
encoder, but typically provides an active digital 
positional output signal, rather than a passive digital 
positional indication. The term "encoder" is hereinaf- 
ter used to mean both "encoder and "rotary pulse 
generator," unless "rotary pulse generator" is specifi- 
cally indicated. 

In further contrast to a potentiometer, there are no 
physical limits on the extent of rotation of the rotatable 
element in the encoder. The rotatable element can be 
rotated indefinitely in either direction without encoun- 
tenng a "stop". The rotatable element can be attached 
to a shaft, as in a rotary encoder, or it can be free to 
rotate in any direction, such as in the case of a 
mouse," or a trackball, or a "joystick." The logical 
concept of a preset point still applies to encoders 
however, and this document refers to the concept of 
a predetermined nominal encoder position indication 
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as a "virtual" preset point 

The absence of physical rotatidnal limits makes it 
difficult to quickly return to a preset point when using 
an encoder, as the user must typically focus on the 
readout or display associated with the encoder, while 
adjusting the encoder to the preset point in order, for 
example to center the data being displayed via the 
readout Since feedback from the readout to the user 
« visual, and since the displayed data may be chang- 
ing or moving rapidly, then the user, trying to "zero in" 
on the preset point often overehools it. and goes 
through a. series of iterations before setting the 
encoder exactly to the preset point This problem is 
compounded when "acceleration" is used in the 
associated microprocessor controlling the input from 
the encoder to the electronic system. 

Acceleration is a technique commonly used in 
electronic systems having encoders. Acceleration is 
used to allow an encoder to provide a large change in 

i e 1 ° Utput witn a re,ative, y 8 "«« rotational 
adjustment When the encoder is rotated slowly, there 

LV"^ ne re ' attonsh,p between the rotational 
position of the encoder and the encoderoutput. which 

output is processed by the microprocessor before 
being sent to the associated electronic system. When 
*e velocity of rotation of the encoder reaches a cer- 
tain value, however, the microprocessormultiplies the 
encoder output by an acceleration factor, the value of 

^ZwJ^fJ** 8 exponentia "y "»» the rotational 
velocity of the encoder shaft This allows the user to 
effect a larger change in the output without having to 
rotate the encoder as far as would be necessary if the 
encoder were being rotated slowly. 

35 3. Solution to tha Problem 



. -J h ? SyStem of tne present invention models the 
tootle feedback of a physical detent by temporary 
freezing the encoder output when the encoder is 
rotated past the virtual preset point (hereinafter "pre- 
set point"). The preset point for a given encoder is 
typically a position of the encoder rotatable element 
wh.ch corresponds to a predetermined signal The 
preset point is usually a system default value stored 
H t m,cro P«>cessor. although the preset point is 
also typically adjustable by a system user. When the 
user rotates the encoder past the preset point the 
present system employs a time delay, during which 
fte output from the encoder to the associated elec: 
bonic system is maintained at the preset point value. 
The delay is long enough to cause the user to physi- 

S ° f Wfet ° f am movement Passing 
?~ SUf 1- ^ More when the 

ma! th ? *e preset point at a nor- 

mal, or particularly, at a fast speed, the delay is such 
th« the output from the encoder to the electronic sys- 
tem is "frozen" at the preset point for a length of time 
sufficient for the user to complete the particular physt 
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cal adjustment of the encoder. After the delay has 
expired, the preset point value continues to be output 
to the electronic system until the user again moves or 
rotates the encoder. Therefore, the user, having 
moved the encoder past a preset point, normally com- s 
pletes a particular encoder adjustment before the 
delay expires, during which time a constant preset 
point signal to the electronic system is maintained in 
place of the actual encoder position indication. 

In order for the electronic system to recognize 10 
that the user desires to adjust the encoder past the 
preset point, the user need only to, continue to rotate 
the encoder after the preset point has been crossed. 
After the delay has expired, actual encoder output to 
the electronic system is resumed when further move- 1 s 
ment of the encoder occurs. Therefore, regardless of 
the speed of rotation of the encoder by the user, or the 
acceleration factor implemented in the controlling 
microprocessor, the electronic system, for a predeter- 
mined length of time, "sees" the encoder as being set 20 
to the preset point, even if the user adjusts the 
encoder past the preset point. If the user does, in fact, 
want to advance or adjust the encoder past the preset 
point, the delay will have expired by the time the user 
repositions his hand on the encoder knob or the track- 28 
ball, or repositions the mouse, thus allowing the user 
to continue to adjust the encoder beyond the preset 
point 

The method of the present invention also allows 
greater degrees of acceleration to be added to the so 
encoder output, without compromising the user's 
ability to quickly adjust the encoder to the preset point, 
as any overshooting of the preset point is effectively 
nullified by the imposed delay. 

36 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 shows, in block diagram form, the architec- 
ture of the apparatus of the present invention; 
FIG. 2 is a block diagram of the position encoding 40 
circuit 

FIG. 3 is a flow chart of the encoder processing 
function; 

FIG. 4 is a flow chart showing the encoder moni- 
toring function; 45 
FIG. 5 is timing diagram showing the relationship 
between a typical encoder position signal and a 
relative displacement of the encoder rotatable 
element when the element is rotated past the pre- 
set point; and 50 
FIG.6 is a flow chart of a monitoring circuit delay 
embodiment of the invention, showing both the 
encoder monitoring and encoder processing 
functions. 

55 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows a position encoding circuit 101 con- 
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nected to an electronic system 110. The position 
encoding circuft 101 includes an encoder 100 which 
is connected toa microprocessor 1 1 2 by a plurality of 
lines 106. The encoder typically has a' knob 102 
located on a rotatable shaft 104, to which is attached 
a rotatable element 105. The rotatable element 105 
provides a digital output on lines 106 which is a func- 
tion of the position of the rotatable element 105. The 
electronic system 110 includes a target circuit 113 
and a display or readout 1 14, such as a conventional 
analog meter, a cathode ray tube display, or a digital 
numeric display. Typically, the electronic system 110 
is a piece of test equipment, but it is to be expressly 
understood that the present invention may be 
employed in other types of electronic systems 1 10. 

Usually, the electronic system 1 10 has a plurality 
of encoders 100, each of which allows a user of the 
system to control a particular aspect of the display or 
readout 114. For example, if a signal wave form is 
being displayed on readout 114, the user may use one 
e n coder to vertically center the waveform with respect 
to the readout 114, and another encoder to cause the 
waveform to move horizontally with respect to the 
readout 114. 

■ 

For purposes of illustration, the encoder 1 00 con- 
tains a shaft 104, connected to a knob 102 which 
imparts rotation to a rotatable element 105 in the 
encoder 100 when the shaft 104 is rotated by a user 
(not shown). A typical encoder 1 00, such as, a Noble 
digital rotary encoder, part number 1B-TM-Y0001, 
contains a plurality of electrical contacts which are 
arranged such that they provide a digital binary bit pat- 
tern, hereinafter called "encoder position data," corre- 
sponding to the rotational position of the rotatable 
element 105 attached to the encoder shaft 104. The 
microprocessor 112 reads the encoder position data 
via a plurality of lines 106. The microprocessor 112 
subsequently transmits over lead 109, to the 
associated electronic system 110, an encoder signal 
V 0 which is a function of the encoder displacement 
relative to the previous reading of the encoder posi- 
tion data. This signal V 0 is then typically used to con- 
trol a readout 114 associated with the electronic 
system 110. 

FIG. 2 illustrates, in block diagram form, the posi- 
tion encoding circuit 101. Referring to FIG. 2, the 
encoder monitoring circuit 202 accepts encoder posi- 
tion data input via a plurality of lines 106 from the 
encoder 100. Whenever the encoder monitoring cir- 
cuit 202 detects a change in position of the encoder 
1 00, as reflected in a change in encoder position data, 
the detected encoder position data is stored in a buffer 
204 over line 212. The encoder processing circuit 206 
periodically checks the buffer 204 via line 220 to 
determine whether any position encoder data has 
been placed therein. When the encoder processing 
circuit 206 finds encoder position data in the buffer 
204, the data is processed according to predeter- 
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mined parameters. For example, when the rotational 
velocity of the encoder shaft 104 reaches a predeter- 
mined value, an acceleration factor is included in the 
processing of the encoder position data. Typically, the 
acceleration factor is a stepped exponential function 
of the velocity of the encoder shaft 1 04. The proces- 
sed encoder position data, hereinafter referred to as 
an 'encoder position signal* V ot is then transmitted 
over line 109 to a target circuit 113 in the associated 
electronic system 110. The target circuit 1 1 3 typically 
controls a display or readout 114 in the electronic sysr 
tern 110. The encoder position signal V 0 is maintained 
at a constant value until the encoder processing cir- 
cuit 206 determines that the encoder position data in 
the buffer 204 indicates a change in rotational position 
of the encoder rotatable element 105. 

The position encoding circuit 101 also contains 
data 205 indicative of the electronic system virtual 
preset point If the encoder position data indicates that 
the encoder 100 has been rotated past the preset 
point, the microprocessor 112 sets a timer 208 via line 
222, and encoder processing is suspended for a pre- 
determined time interval, during which, a substituted 
signal V 0 indicative of the preset point is transmitted 
to the electronic system 110. After the time interval 
has elapsed, encoder processing is resumed. 



1. Encoder Monitoring 

FIG. 3 illustrates, in flow chart form, the encoder 
processing function. Referring to FIG. 3, at step 302, 
the microprocessor 112 reads the encoder position 
data output by the position encoder 100 over a 
plurality of lines 1 06 on a periodic basis, called a scan 
cycle, typically, every 2 milliseconds. The initial 
encoder position reading is stored in memory (not 
shown) accessible to the encoder monitoring circuit 
202. Each time a new encoder position is read by the 
microprocessor 1 12, this new reading is compared, at 
step 304, with the previous stored reading to see 
whether the new reading is the same as the previous 
reading, rf the new reading is the same as the previ- 
ous reading, then at step 306, the microprocessor 112 
waits untB the next scan cycle to again compare 
encoder position readings. If, however, the new read- 
ing differs from the previous reading, the microproces- 
sor 1 12 then stores data for the new reading, at step 
308, in a buffer 204. Any difference between the new 
reading and the previous reading indicates that the 
encoder 1 00 has been rotated, and an entry in the buf- 
fer 204 is indicative of a change in rotational position 
of the encoder 100. 

The encoder reading which is stored in the buffer 
204 is determined by referring to the direction (left or 
right) in which the encoder 100 was last rotated, and 
the displacement relative to the previously read 
encoder position; therefore, the stored data for the 
encoder output reading indicates the relative dis- 



placement of the encoder rotatable element 105 be- 
tween scan cycle intervals. 

2, Encoder Processing 



FIG. 4 shows the encoder processing logic of the 
present invention. It should be noted that encoder 
monitoring and encoder processing are asynchron- 
ous with respect to each other. At step 400, the micro- 
10 processor 112 reads the buffer 204 to determine if 
there is encoder position data in the buffer 204 to be 
processed. If it is determined, at step 402, that there 
is no data in the buffer 204, then the microprocessor 
1 12 again reads the buffer 204 over line 220,. at step 
is 400, to determine whether any data has been placed 
therein. If, at step 402, encoder output data is found 
in the buffer 204, then, at step 404, an encoder posi- 
tion signal Vo, indicative of the buffer data, is gener- 
ated on line 109. The encoder position signal V e is a 
20 function of both the position and the rotational velocity 
of the encoder shaft 104, and methods of generating 
the position signal given encoder position data, 
are well known in the art. 

The generated position signal V c is then com- 
25 pared to the stored preset point value read over line 
218, at step 406. If it is determined- that the encoder 
shaft 1 04 was not rotated to or rotated past the preset 
point, then, at step 408, the generated position signal 
V 0 is output io the target circuit 113, and the microp- 
30 rocessor 1 12 again reads the buffer 204, looking for 
more encoder position data, at step 400. If, however, 
the generated encoder position signal V e is equal to 
the preset value, or if it is determined that the encoder 
shaft 104 was rotated past the preset point, then, at 
36 step 410, the generated encoder position signal V 0 is 
adjusted to equal the stored preset value 205, and at 
step 412, the generated preset point signal is output 
via lead 1 09 to the target circuit 113. 

At step 414, a timer 208 is set via line 222, and 
40 the processing function is delayed, or suspended, for 
approximately 300 milliseconds, during which period 
of time, the encoder position signal V 0 remains at the 
preset point value. This delay is sufficient to allow the 
user of the electronic system 1 10 to recognize, via 
45 visual feedback from the readout 1 14, that the preset 
point has bean reached or passed, and mince the 
microprocessor 112 sets the encoder position signal 
V Q to the preset point, the user does not have to posi- 
tion the encoder shaft 104 to an exact physical posi- 
so Hon in order to locate the preset point After the delay, 
as produced by the timer 208, has expred, all of the 
data in the buffer 204 is deleted, at step 416, so that 
when the encoder processing function is resumed, 
spurious data is not processed. 
55 The microprocessor 112 again reads the buffer 

204, at step 400, in order to detect further encoder 
position data. After the buffer 204 data is deleted and 
the delay has expired, the user must further rotate the 
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encoder shaft 104 before the encoder position signal 
V 0 is again processed. Therefore, after expiration of 
the delay, the encoder position signal V c remains 
fixed at the preset point value until the user further 
rotates the encoder shaft 104, since there is no data 
in the buffer 204 for the encoder processing circuit 
206 to process until further rotation of the encoder 
shaft 104 is effected. 

3. Waveform Diagram 

FIG. 5 shows the relationship, for explanatory 
purposes, between the actual displacement 51 0 of the 
encoder rotatable element 105, relative to the virtual 
preset point, and the displacement 520 of the rotat- 
able element 1 05 as sent to the target circuit 113. The 
displacement 520 represents the processed encoder 
position signal V Q transmitted from the position encod- 
ing circuit 101 to the target circuit 113 via lead 109. 

Initially, from time t1 to time t2, the encoder posi- 
tion signal V 0 tracks the encoder element 105 dis- 
placement with a linear correspondence therebet- 
ween, assuming, for purposes of illustration, that no 
acceleration has been applied to the encoder dis- 
placement At time t2, the encoder 100 crosses the 
virtual preset point, and delay, is effected. It can be 
seen that, although the encoder element 105 con- 
tinues to be rotated during the delay, the encoder 
position signal V 0 remains at the preset point for the 
duration of the delay. By the expiration of the delay, 
at time t3, rotation of the encoder element 105 has 
stopped, typically, because the user has observed 
that the associated display has, for example, been 
centered. The encoder position signal V c remains 
thus constant untfl, at time t4, the encoder element 
105 is again moved. Between time t4 and time t5, the 
encoder element 105 is moved away from, and then 
at time t4.5, back toward, the preset point, during 
which time, the encoder position signal V 0 again 
tracks the encoder element 1 05 displacement At time 
t5, the preset point is again crossed, and de!ay 2 is 
effected, during which, the encoder position signal V 0 
is again "frozen" at the preset point, even though the 
encoder element 105 continues to be rotated. After 
the delay has expired, the encoder position signal V c 
will continue to track the displacement of the encoder 
element 105, untl a further preset crossing occurs. 

4. Monitoring Circuit Delay 

An alternative embodiment of the present inven- 
tion employs a delay in the encoder monitoring circuit 
202, rather than in the encoder processing circuit 206. 
Referring to FIG. 6, at step 602. the microprocessor 
112 reads the encoder position on a periodic basis, 
typically, every 2 milliseconds. The initial encoder 
position reading is stored in memory (not shown) 
accessible to the encoder monitoring circuit 202. 
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Each time a new encoder position is read by the 
microprocessor 1 12, this new reading is compared, at 
step 604, with the previous stored reading to see 
whether the new reading is the same as the previous 
reading. If the new reading is the same as the prev^ 
ous reading, at step 606, the microprocessor 112 
again monitors the encoder position, looking for new 
encoder position data, at step 602. Note that steps 
602, 604, and 606 correspond to steps 302, 304, and 
306, respectively. If the new reading differs from the 
previous reading, then, at step 607, the new reading 
is compared to the stored preset point value. If it is 
determined that the encoder shaft 1 04 was notrotated 
to or rotated past the preset point then, at step 610, 
the encoder position data is read over line 224 by the 
encoder monitoring circuit 202 and is stored is stored 
616 in a buffer 204 via line 212. If, however, the com- 
puted encoder position signal V c is equal to the preset 
value, or if it is determined that the encoder shaft 104 
was rotated past the preset point then, at step 612, 
data equal to the stored preset data value 205 Is read 
over line 224. The preset point data 205 Is then stored 
in the buffer 204, and at step 614, a timer 208 is set 
via line 216, and the encoder monitoring function is 
delayed, or suspended, for approximately 300 mfl- 
iiseconds. This delay is sufficient to allow the user of 
the electronic system 110 to recognize, via visual 
feedback from the readout 1 14, that the preset point 
has been reached or passed. The microprocessor 
1 12 again monitors the encoder position, looking for 
new encoder position data, at step 602. 

The encoder position data processing circuit 618 
processes 616 data in the buffer 204 asynchronously 
with respect to encoder monitoring 602 to determine 
an output position signal V 0 and outputs the proces- 
sed encoder position signal V e to the target circuit 
113. 

It is to be expressly understood that the claimed 
invention is not to be limited to the description of the 
preferred embodiment but encompasses other mod- 
ifications and alterations within the scope and spirit of 
the inventive concept 
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1. In an electronic system 110 having a position 
encoding circuit 101 having a manually adjust- 
able position encoder 100 connected to a target 
circuit 113 and used to control a function 
associated with said electronic system 110, said 
position encoder 100 having a rotatable element 
105 capable of being continuously rotated 
through an angle of greater than 360 degrees in 
either direction, said position encoding circuit 101 
transmitting, to said target circuit 1 13, an encoder 
position signal V c indicative of said rotational dis- 
placement of said rotatable element 105, said 



5 



EP 0496640A2_I_> 



9 



EP 0 498 540 A2 



10 



2. 



3. 



position encoding circuit 101 having data 205 
indicative of a virtual preset point, said virtual pre- 
set point being a rotational position of said rotat- 
able element 105 corresponding to a 
predetermined encoder position signal V 0 , an 
apparatus for locating said virtual preset point for 
said position encoder 100 comprising: 

means 206 for comparing said encoder 
position signal V Q with said data 205 indicative of 
said virtual preset point; and 

means 205,206 for setting, for a predeter- 
mined time interval, said encoder position signal 
V e equal to an encoder position signal indicative 
of said virtual preset point, when said comparing 
means 206 determines that said rotatabie ele- 
ment 105 in said position encoder 100 has been 
rotated past said virtual preset point 

The apparatus of claim 1, further comprising: 

means 206,208 for suspending, for said 
predetermined time interval, said transmitting of 
said encoder position signal V 0 indicative of said 
rotational displacement of said rotatabie element 
105. 

The apparatus of claim 1, wherein: 

said adjustable position encoder 100 is a 
rotary digital encoder. 



4. A method for locating a virtual preset point for a 
position encoding circuit 101 connected to an 
electronic system 110, said position encoding cir- 
cuit 101 transmitting an encoder position signal 
V 0 to a target circuit 113 to control a function 
associated with said electronic system 110, said 
position encoding circuit 101 having a manually 
adjustable position encoder 100 associated with 
said electronic system 110, said position encoder 
100 having a rotatabie element 105 capable of 
being continuously rotated in either direction, said 
position encoding circuit 101 having stored data 
205 indicative of a virtual preset point, said virtual 
preset point being a rotational position of said 
rotatabie element 105 corresponding to a pre- 
determined encoder position signal Vo, said 
method comprising the steps of: 

monitoring 302.304.306 a position of said 
rotatabie element 105 to determine a rotational 
displacement, from a previously monitored posi- 
tion, of said rotatabie element 105; 

storing 308, in a bufTer 204, data indicative 
of said rotational displacement; 

generating 400,402,404, from said data in 
said buffer 204, said encoder position signal V c 
indicative of said rotational displacement; 

comparing 406 said encoder position sig- 
nal V Q with said data 205 indicative of said virtual 
preset point- 
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transmitting 408 to said target circuit 113, 
said encoder position signal V c ' indicative of said 
displacement, when said step of comparing 406 
determines that said rotatabie element 105 has 
not been rotated past said virtual preset point; 

suspending 414, for a predetermined time 
interval, said step of generating 400,402,404 
when said step of comparing 406 determines that 
said rotatabie element 105 has been rotated past 
said virtual preset point; 

transmitting 412 to said target circuit 113, 
for said predetermined time interval when said 
step of suspending 414 is effected, a said 
encoder position signal V 0 indicative of said vir- 
tual preset point; and deleting 416 all of said 
encoder position data in said buffer 204, when 
said step of suspending 414 has been effected, 
after said predetermined time interval has exp- 
ired. 

5. The method of claim 4, wherein said step of sus- 
pending 414 suspends said step of generating 

, 400,402,404 when it is determined that said rotat- 
abie element 105 in said position encoder 100 
has been rotated to said virtual preset point 

6. The method of claim 4, wherein: 

said adjustable position encoder 100 is a 
rotary digital encoder. 

7. The method of claim 4, wherein: 

said adjustable position encoder 100 is a 
rotary pulse generator. 

8. The method of claim 4, wherein: 

said adjustable position encoder 100 is 
selected from the group consisting of a trackball, 
a mouse, and a joystick. 

9. The method of claim 4, wherein: 

said position encoder rotatabie element 
105 is continuously rotatabie through an angle 
greater than 360 degrees. 

10. A method for locating a virtual preset point for a 
position encoding circuit 101 connected to an 
electronic system 1 10. said position encoding cir- 
cuit 101 transmitting an encoder position signal 
V 0 to a target circuit 113 to control a function 
associated with said electronic system 110, said 
position encoding circuit 101 having a manually 
adjustable position encoder 100 associated with 
said electronic system 1 10, said position encoder 
100 having a rotatabie element 105 capable of 
being continuously rotated in either direction, said 
encoder position signal being V c indicative of a 
rotational displacement of said rotatabie element 
105, said position encoding circuit 101 having 



6 



t 




11 EP 0 498 540 A2 

associated stored data 205 .indicative of a virtual 
preset point, said virtual preset point being a 
rotational position of said rotatable element 105 
corresponding to a predetermined encoder posi- 
tion signal said method comprising the steps 6 
of: 

monitoring 602,604,606 a position of said 
rotatable element 105 of said position encoder 
100 to determine a rotational displacement, from 
a previously monitored position, of said rotatable 10 
element 105; 

comparing 607,608 said rotational dis- 
placement with said data 205 indicative of said 
virtual preset point; 

storing 610 in a buffer 204, data indicative is 
of said rotational displacement, when said step of 
comparing 607,608 determines that said rotat- 
able element 105 has not been rotated past said 
virtual preset point; 

storing 612 in said buffer 204, data 205 20 
indicative of said virtual preset point, when said 
step of comparing 607,608 determines that said 
rotatable element 105 has been rotated past said 
virtual preset point; 

suspending, 61 4 for a predetermined time 2s 
interval, said step of monitoring 602,604,606 
when said step of storing 612 said virtual preset 
point data 205 is initially effected; and 

generating 206 said endoder position sig- 
nal V c from said stored data in said buffer. 30 
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